A study of delamination is performed including strength of materials and fracture mechanics approaches with emphasis placed on methods of delamination prediction. Evidence is presented which supports the inclusion of the inplane stresses in addition to the interlaminar stress terms in delamination criteria. The delamination can be modeled as a resin rich region in between ply sets. The entire six component stress state in this resin layer is calculated through a finite element analysis and inputted into a new Modified Von Mises Delamination Criterion. This criterion builds onto previous criteria by including all six stress components.
Problem S¢;0pe
designers can evaluate candidate laminates for their propensity to delaminate. Such a tool could improve applications where delamination failures are either expected or would be very detrimental. Delamination criteria have been proposed in recent years, however this investigation will explore an alternate approach.
There are two main routes taken when studying the free-edge delamination problem: strength of materials and fracture mechanics. The strength of materials approach defines failure to occur when a critical stress state is reached based on material allowables.
On the other hand, the fracture mechanics approach suggests that the initiation and growth of a crack depends on the energy state at that local station. In the present study delamination initiation is considered the failure of the part. The growth of the delamination, stable or unstable, is the continuation of that failure and is not addressed. thickness and stacking sequence. They demonstrated the existence of interlaminar stresses in a boundary layer near the free edge of a laminate. This boundary layer is suggested to be on the order of the laminate thickness. These interlaminar stresses can become large and lead to delamination.
The interlaminar stresses and coordinate orientation are shown in Figure  1 .
They also concluded that the sign and magnitude of these stresses are functions of the material properties, fiber directions, thickness and stacking sequence.
The stress condtion as calculated by
Pipes and Pagano is shown in Figure 2 laminate. Figure 4 shows the profile of all six stress components near the free edge. Other iterations with finer meshes did not produce It was concluded that the effect of the _2, term is negligible and that the compressive _,= term is either negligible or predicts an initiation value much greater than in-plane failure values. Therefore, only tensile values of interlaminar tension were considered. The following form was used for correlation to the experimental data:
Several researchers have concluded that the interlaminar shear term dominates delamination while others postulate that the tensile interlaminar normal term gives rise to the failure. This criterion contains both terms, however delamination is still attributed solely to out-of-plane stresses.
The averaging dimension was optimized to fit the data best at 0.178 mm or about 1.33 ply thicknesses. The interlaminar shear strength was assumed to be 105 MPa which is consistant with values for this material system found in the literature. This value, as suggested by Kim and Soni" is the in-plane shear strength of the material.
Quadrati(_ Delamination Criterion_
As was mentioned earlier, the Quadratic The stress terms are shown in Figure 5 and the following paragraphs describe each of the terms in the above criterion: 
